Fish represent the group of vertebrates with the largest number of species and the largest geographic distribution; they are also used in different ways by modern civilizations. The goal of this study was to compile the current knowledge on the use of ichthyofauna in zootherapeutic practices in Brazil, including ecological and conservational commentary on the species recorded. We recorded a total of 85 species (44 fresh-water species and 41 salt-water species) used for medicinal purposes in Brazil. The three most commonly cited species were Hoplias malabaricus, Hippocampus reidi, and Electrophorus electricus. In terms of conservation status, 65% of species are in the "not evaluated" category, and 14% are in the "insufficient data" category. Three species are in the "vulnerable" category: Atlantoraja cyclophora, Balistes vetula, and Hippocampus erectus. Currently, we cannot avoid considering human pressure on the population dynamics of these species, which is an essential variable for the conservation of the species and the ecosystems in which they live and for the perpetuation of traditional medical practices.
Introduction
Nature offers various resources that people use to guarantee their survival [1] and to reproduce their ways of life and their practices. The use and management of these resources is intimately linked with the needs of various human populations. Among traditional populations, the use of plant and/or animal resources for medicinal purposes has been reported by various authors as an essential practice in traditional medical systems [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Natural resources have been used in traditional medical practices since ancient times, and their use is spreading in contemporary society [14] . One very old alternative therapy involves the use of animals and their derivatives in the production of zootherapeutic medications [15] . Zootherapy is an important alternative for cures in local populations; it can also be useful for the development of new drugs in modern medicine [4] .
In Brazil, zootherapy appears well established; its broad biological diversity, along with its cultural complexity, drive production of zootherapeutic products [16] . In addition, the difficulty in accessing the main health system encountered by some populations increases the demand for traditional medicine [17] .
Among the animal taxa used as medicinal resources, fish deserve special attention due to their strong representation in zootherapeutic surveys in Brazil [2, 7, 8, 12, 30, 42] . As a resource, fish are exploited in different ways by each culture [36] . Their medicinal applications include the use of both body parts and materials produced by the fish, along with live individuals [22] .
Many of the animals used medicinally are found on the list of endangered species [7] ; the risk of extinction is not only for the species but also for the benefits they offer. One of the benefits resulting from research in zootherapy is 2 Evidence-Based Complementary and Alternative Medicine the discovery of new compounds that have pharmacological potential [21] . Given what has been stated above, this study aims to gather the current knowledge on ichthyofauna used in zootherapeutic practices in Brazil. By doing so, we expect to broaden the knowledge base through a compilation of species used to provide a first approximation of the wealth of these resources and their potential. Additionally, the study will evaluate whether the habitat of these species influences its versatility of use and if there are differences in the diversity of species cited for each body system.
The information compilation was based on bibliographic data. We considered bibliographic data from book chapters, in periodicals publications, and technical information available in online databases. We only considered a valid taxa the identified on species level, since the use of clades identified on the genus level, without its proper description, does not allow the technical-scientific accumulation of the taxon, which justifies this compilation with a fewer species number when compared to Costa-Neto and Alves [42] and R. R. N. Alves and H. N. Alves [13] .
The database generated contains information on taxonomy, habitat, conservation status through the IUCN, the part of the animal used, therapeutic indications, and the Brazilian states where the species were cited. Species nomenclature, their habitats, and conservation status were confirmed and updated according to [43] [44] [45] .
Though the locations sampled employed different methods and collection efforts, we counted the numbers of species used for zootherapeutic purposes by Brazilian region (state) and therapeutic indication. While it was not possible to perform a refined comparative analysis on the distribution of species use, this method allowed us to record the breadth of geographic distribution of the zootherapeutic indications and the study frequency by Brazilian regions and states.
We used the Index of Relative Importance (IR) [46] to measure the versatility of use of each species. This index takes into consideration the properties attributed and the body systems that are indicated for each species. This index varies from 0 to 2, with 2 indicating the most versatile species. We used the Kruskal-Wallis test to evaluate whether the relative importance of a species was related to its habitat (i.e., salt water or fresh water) and its conservation status. We also compared habitats relative to species wealth for each body system using the Kolmogorov-Smirnov test. BioEstat v.5.0 software was used for analysis [47] .
Therapeutic indications were categorized according to body systems from [48] : digestive, respiratory, gynecological/urinary, circulatory, nervous, sensory, motor, puerperal, cutaneous, scarring, poisoning, neoplasia, hematopoietic, nutrition, infectious/parasitic, lack of sexual desire, antiabortive, and postpartum. Indications that could not be classified in these systems were grouped as "undefined pains/disorders."
Ichthyofauna in Traditional Medical Practices in Brazil
The inventory of ichthyofauna used in Brazilian zootherapy produced a list of 85 species, of which 44 are predominantly fresh water and 41 are predominantly salt water fishes; 22 are cartilaginous fish (Figure 1 ). The most commonly listed fish were Hoplias malabaricus (Bloch, 1794) (N = 15), followed by Hippocampus reidi Ginsburg, 1933 (N = 13), and Electrophorus electricus (Linnaeus, 1766) (N = 10) ( Table 1) . These three species are highly important for zootherapy due to their documented use in various regions of Brazil [24-26, 31, 36] . These most frequently used fish resources are part of the native fauna, demonstrating the importance of local fauna as a source for traditional remedies. According to R. Alves and H. Alves [13] , the composition and availability of fauna are factors that directly affect the composition of the local zootherapeutic arsenal.
The dissemination of zootherapeutic knowledge is reflected in the population's contact with resources that, in principle, are not available locally. Some species that are restricted to the coast, such as the seahorse (Hippocampus reidi), are broadly disseminated throughout the interior of Brazil [24, 25, 27] . The use of this species was recorded for populations in the interior, such as the cities of Santa Cruz do Capibaribe-PE [24] , Crato-CE [33] , Queimadas-PB [25] , and Caruaru-PE [26] . This situation may be explained by the existence of commercial routes for medicinal animals involving different cities in Brazil [49] . An exotic species such as the cod Gadus morhua Linnaeus, 1958, is available commercially in various states in Brazil for culinary purposes, but it is also used medicinally in states such as Paraíba and Bahia [2, 23] .
Zootherapeutic practice involving ichthyofauna was recorded in 14 Brazilian states, representing the North, Northeast, Center-West, and Southeast regions. The state of Bahia (28 spp.) had the highest number of fishes used as traditional remedies, followed by the states of Tocantins (21 spp.), Paraí-ba (19 spp.), Maranhão (16 spp.), and Pará (9 spp.). This may not reflect the true situation regarding zootherapy in Brazil; the number is likely underestimated due to the concentration of studies in these regions ( Figure 2 ).
The Northeast region was the best represented, with research performed in eight states: Piauí, Maranhão, Ceará, Rio Grande do Norte, Paraíba, Pernambuco, Alagoas, and Bahia. This region has a significant presence of zootherapy in curing practices [7, 50] . Alves [12] , while recording zootherapeutic practices in this region, did not perform studies in Ceará and Rio Grande do Norte; however, studies performed that same year [27, 33] and in the following year [28] demonstrated the medicinal use of animals in these two states. The North region was the second-most frequently represented, followed by the Southeast and Center-West regions, which accounted for 7% of the studies. these species is also evident from the number of studies that reported them in their inventories, especially in Northeast Brazil.
Therapeutic Indications for Ichthyofauna
Hoplias malabaricus scored highest on diversity among the predominantly fresh water species, with an RI of 2.00, the highest score among all the species in the inventory. This species also stood out regarding the number of parts of the fish that can be used in traditional remedies. Electrophorus electricus received the second-highest RI score (1.60). It was also evident that these species have regional importance, due to the fact that they are cited in various studies conducted in Northern and Northeast Brazil. There was no significant difference between the species regarding habitat, according to the Kruskal-Wallis test (H = 1.213; P = 0.270).
The therapeutic indications were grouped into 16 body systems ( Figure 3 ). Of these, only two categories did not appear for the fresh water species: neoplasias and problems relating to pregnancy, birth, and puerperium. Two categories did not appear among salt water species: sensory system disorders and undefined pains/disorders.
The systems with the greatest diversity of species included disorders of the respiratory system (e.g., asthma, bronchitis, and pneumonia) and wounds, poisonings and other results from external causes (e.g., wounds caused by the fish itself, burns, and scarring). In spite of the fact that 57% of systems had greater diversity for fresh water than for salt water species, no significant differences in species wealth were observed (P = 0.374) between the two groups.
Often, a single species is the source of treatment for many diseases and infirmities [27] . Among the most versatile species are Hoplias malabaricus, Electrophorus electricus, Hippocampus reidi, Hippocampus erectus, and Phractocephalus hemiliopterus. The trahira (Hoplias malabaricus) was very versatile in treating 35% of therapeutic indications, ranging from bone and respiratory problems to alcoholism and snakebite. The electric eel (Electrophorus electricus) and the longsnout seahorse (Hippocampus reidi) treated 23% of indications each, and the redtail catfish (Phractocephalus hemiliopterus) and another species of seahorse (Hippocampus erectus) each treated 12%. It should be noted that seahorses and the trahira are heavily commercialized in Northeast Brazil [9, 51] .
Although a particular species can be associated with various indications, these therapeutic uses may be associated with the use of different parts of the animal. The head of Hoplias malabaricus (trahira) is used for treatment of tetanus [38] , while its scales are used to combat stroke [20] , and the fat and skin secretion are indicated as a remedy for alcoholism [16, 27] . Another example of therapeutic versatility is found in Electrophorus electricus (electric eel), whose bones are used to treat snakebite [31] , while the fat is associated with other indications, such as pains [26, 28, 31] , rheumatism [7-9, 17, 26, 27, 31, 37] , colds [31] , asthma [31, 37] , and pneumonia [8, 37] .
Among the fish parts most commonly employed for the production of zootherapeutic products, fat stood out with a 40% use occurrence. Fish fat is indicated for various infirmities and diseases. Its use recurs often in popular medicine [31] ; fat has been documented as the most commonly used animal part in various studies [8, 35] . In India, the fat from various animals is indicated for combating all types of pain, impotence, burns, and paralysis [52] . The widespread use of fat can be related to the ease of its extraction. Additionally, it can be preserved at room temperature for long periods [29] . The use of various other parts of fish has also been recorded, including teeth, eyes, gall, liver, wattles, otoliths, fins, and stingers. Many fish parts used in zootherapy are not used for other purposes, such as scales and leathers, to maximize the use of local resources [35] . Another method for keeping therapeutic resources available are food taboos, through which the consumption of some of these species would lead to negative consequences, thereby keeping these animals available in case of necessity ( Figure 4 ) [31] .
In addition to dead animals and their parts, the use of living animals is a recurring practice in traditional medicine systems and is a part of the beliefs and "spells" in local systems [22] . A mystical use has been reported for the species Synbranchus marmoratus (marbled swamp eel) and Callichthys callichthys (armored catfish) [39] in the treatment of asthma; namely, one should spit in the mouth of a living animal, and then put it back in the river.
Another demonstration of aspects associated with popular medicine occurs when the morphology exhibited by the animal inspires its therapeutic application. Sometimes the morphology of the animal and/or the organs utilized is associated with the part of the human body to be treated [35] . Moura and Marques [35] recorded the use of the common wood catfish (Trachelyopterus galeatus) in the treatment of impotence, due to the species' large, fringed testicles. Zootherapy has been the focus of increasing attention from the pharmaceutical industry [7] . These industries have used the biologically active components present in traditional medicines as sources for the production of many drugs [53] . Compounds extracted from fish are already used in official medicine, such as Tetrodotoxin, which originates from pufferfish and possesses a powerful anesthetic effect [54] [55] [56] . Other widely distributed compounds from fish, omega-3 fatty acids, are associated with the prevention and treatment of cardiovascular diseases, arthritis, kidney disease, and inflammation [57] .
The exploitation of medicinal fauna resources by local populations and the pharmaceutical industry has had a negative impact on several species, with their survival threatened by overexploitation [10, 58] . Among the fish used therapeutically in Brazil, three species can be singled out as having an elevated danger of extinction and are included in the "vulnerable" category by the IUCN [59] : Atlantoraja cyclophora, Balistes vetula, and Hippocampus erectus. Sphyrna lewini is in the "in danger" category, with a very high risk of extinction, and Pristis perotetti and Pristis pectinata are "in critical danger." Among these species are four cartilaginous fishes that have low levels of fecundity, such as the ray, the hammerhead shark, and the swordfish. Seahorses (Hippocampus spp.) are considered susceptible to exploitation and are threatened worldwide due to excessive use and destruction of habitat due to their high monetary value and potential for commercialization [51] (Figure 5) . The species H. reidi, currently listed in the "insufficient data" category, is widely commercialized for medicinal purposes throughout Brazil and exhibits low reproduction and high mortality rates in initial phases [60] .
However, the great majority of fish identified in this survey have not yet been evaluated by the IUCN, or there is insufficient data for analysis ( Figure 6 ). This fact highlights the scarcity of knowledge regarding the true situation of these fish, demonstrating the need for studies directed toward those species that are used medicinally to preserve these resources and all aspects linked to them. Also, there is no significant differences in the relative importance (RI) between IUCN categories according to the Kruskall-Wallis test (P > 0.05).
In addition, the extinction of some species could compromise both traditional knowledge and the discovery of new drugs [61] because these species could disappear before science becomes aware of their potential. The growing demand for the biotic resources used in traditional medicine is due to the increasing quantity of studies that demonstrate the efficacy of their use, drawing the attention of the pharmaceutical industry [62] .
Extractivism is generally the only method for obtaining zootherapeutic resources, highlighting the need to add these species to conservation efforts by including creatures involved in zootherapeutic practices in planning for the management of fauna. Both the local population and the pharmaceutical industries can contribute in different ways to the maintenance of these resources. In addition, it is also necessary to understand the ecology and biology of the species used in medicine to propose effective strategies for managing these resources.
Final Considerations
We highlight the importance of fish in zootherapeutic practices in Brazil, emphasizing the knowledge gap that must be explored in ethnobiological and pharmacological research in the country. The Northeast region represents the major center for research on this subject, both in terms of the large number of publications and the number of local researchers.
We recommend greater investment in exploration projects for fish, especially in inland water resources, associating ecological parameters that drive population dynamics to better understand the relationships of humans with these resources. This will enable more efficient management proposals for the conservation of these species and their associated ecosystems and will allow for the perpetuation of traditional medical practices.
